Background. To comprehensively assess the efficacy and safety of whole-brain radiotherapy (WBRT) combined with gefitinib/erlotinib for treatment of brain metastases (BM) from non-small-cell lung cancer (NSCLC). Methods. Databases including PubMed, EMBASE.com, Web of Science, and Cochrane Library were searched from inception to April 12, 2015. Studies on randomized controlled trials (RCTs) and case-control trials comparing WBRT combined with gefitinib/erlotinib versus WBRT alone for BM from NSCLC were included. Literature selection, data extraction, and quality assessment were performed independently by two trained reviewers. RevMan 5.3 software was used to analyze data. Results. A total of 7 trials involving 622 patients were included. Compared with WBRT alone or WBRT plus chemotherapy, WBRT plus gefitinib/erlotinib could significantly improve response rate (OR = 2.16, 95% CI: 1.35-3.47; = 0.001), remission rate of central nervous system (OR = 6.06, 95% CI: 2.57-14.29; < 0.0001), disease control rate (OR = 3.34, 95% CI: 1.84-6.07; < 0.0001), overall survival (HR = 0.72, 95% CI: 0.58-0.89; = 0.002), and 1-year survival rate (OR = 2.43, 95% CI: 1.51-3.91; = 0.0002). In adverse events (III-IV), statistically significant differences were not found, except for rash (OR = 7.96, 95% CI: 2.02-31.34; = 0.003) and myelosuppression (OR = 0.19, 95% CI: 0.07-0.51; = 0.0010). Conclusions. WBRT plus gefitinib/erlotinib was superior to WBRT alone and well tolerated in patients with BM from NSCLC.
Introduction
Brain metastases (BM) are the most frequent intracranial brain tumors, which can be found in approximately 20-40% of all cancer patients. Lung and breast cancers and melanoma are responsible for up to 80% of metastatic brain lesions [1] . Among patients with non-small-cell lung cancer (NSCLC), the proportion that develops brain metastases is as high as 50% [2] . Life expectancy for these patients is poor, and the average survival is 1-2 months without any treatment [3] . A median survival of 3-6 months can be obtained for patients receiving symptomatic therapy with corticosteroids and whole-brain radiotherapy (WBRT) [4] .
Recently, several phase II or phase III trials of standard platinum-based chemotherapy regimens for BM from NSCLC have been conducted [5] [6] [7] [8] [9] [10] , resulting in 23%-68% response rate and 4-12.6-month overall survival. However the effect of combining WBRT with chemotherapy in the management of BM is limited and inconsistent due to the limited ability of most chemotherapeutic drugs to cross the blood brain barrier [11] .
In recent years, new targeted therapies are undergoing active development and encouraging results have been obtained so far [12] . A previously published review demonstrated the intracranial efficacy of targeted therapies (EGFR tyrosine kinase inhibitors, ALK inhibitors), which were globally superior to the efficacy of standard chemotherapy [13] . However, this review was qualitative and the quality of evidence was not evaluated. Some retrospective series and phase II randomized studies have been conducted recently to compare the efficacy of combining WBRT with gefitinib/erlotinib versus WBRT alone for patients with BM from NSCLC.
Our study aims therefore to comprehensively assess the quality of currently available evidences and to quantitatively evaluate the efficacy and safety of WBRT combined with gefitinib/erlotinib for BM from NSCLC.
Methods
This study adhered to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement [14] . Ethical approval and patient consent were unnecessary for the current study as this was a meta-analysis based on published studies. Literature retrieval, literature selection, data extraction, and quality assessment were performed independently by two trained reviewers; disagreements between the reviewers were resolved by consulting a third expert adjudicator. 2.3. Literature Selection. All records were downloaded and imported into EndNote X6, which is a reference management software tool. Duplicates were removed and the title and abstract of the remaining records were examined independently by two reviewers according to inclusion and exclusion criteria. Then the full texts of potentially relevant studies were obtained to identify interesting studies. Reasons for exclusion were documented.
Literature

Data Extraction and Assessment of Risk of Bias.
Data were extracted using a predesigned data extraction sheet including the first author, year of publications, sample, median age, intervention regimen, control regimen, study design, outcomes, median OS, and median PFS. KaplanMeier curve was read by Engauge Digitizer version 4.1 (available at http://sourceforge.net/) if the adequate data were not reported in the papers [15] , and the formula recommended by Spruance et al. [16] was used to calculate the corresponding HR of the missing survival data.
The risk of bias was assessed according to the Cochrane Handbook version 5.1.0 [17] , including method of random sequence generation (selection bias), allocation concealment (selection bias), blinding (performance bias and detection bias), incomplete outcome data (detection bias), and selective reporting (detection bias). We evaluated methodological quality as low, high, or unclear risk of bias.
Data Analysis.
The odds ratio (OR) with 95% confidence interval (95% CI) was calculated regarding to RR, CN-RR, DCR, 1-year survival rate, and AEs. The Chi-square statistic was used to assess the heterogeneity between trials with 2 less than 50% and value greater than 0.10 suggesting that there was no statistical heterogeneity, and a MantelHaenszel fixed effects model was used for meta-analysis. A Mantel-Haenszel random effects model was used when clinical characteristics and methodology were not identified to have great difference and 2 was greater than 50% and value was less than 0.10. If the clinical characteristic and/or methodology across studies were considered to be obviously different, only qualitative analysis was adopted [18] . Inverse variance fixed or random effects model was used to pool the overall hazard ratio (HR) for OS. When heterogeneity was identified, subgroup analysis and metaregression were conducted to determine the possible causes of heterogeneity such as different target agents (erlotinib or gefitinib), different study designs (randomized or nonrandomized), and sample size (<100 or ≥100). Sensitivity analysis was performed to identify influence of the study regarding overall effective size. In addition, potential publication bias was assessed by using the Begg and Egger tests [19, 20] . value less than 0.05 was considered significant. All data analysis was performed by using RevMan 5.3 software (The Nordic Cochrane Centre, Copenhagen, Denmark) and STATA 12.0 software (Stata Corporation, College Station, Texas, USA).
Results
Literature Selection and Characteristics of Included Studies.
A total of 426 records were identified from electronic databases and 4 references were tracked. Finally, 7 studies [21] [22] [23] [24] [25] [26] [27] involving 622 patients were included. The search results and selection details are shown in Figure 1 .
The detailed characteristics of included studies are shown in Table 1 . Of the seven studies included, three [22, 24, 26] were randomized controlled trials and four [21, 23, 25, 27] were case-control studies. They were published between 2012 and 2014. The sample sizes ranged from 53 to 161. Three studies could be identified as phase II and four did not report trial phase. Median OS was reported in five studies [22, [24] [25] [26] [27] , and only two [22, 27] reported median nPFS.
Assessment of Risk of Bias.
The details of this analysis are shown in Figure 2 . Four studies were case-control trials; therefore the risk of bias was high regarding adequate sequence generation, adequate allocation concealment, and blinding. Of three RCTs included, all described methods for adequate sequence generation such as center random and minimization method; two RCTs reported using adequate allocation concealment, and one RCT was a double-blinded design study. The overall methodological quality of included studies was poor because only three were RCTs.
Results of Meta-Analysis
Response Rate (RR).
Four studies [23] [24] [25] 27] reported the overall response rate for patients with BM. The heterogeneity test indicated that a fixed effects model could be used to pool the RR ( 2 = 17%, = 0.31). Compared with WBRT alone, there was a statistically significant improvement in RR for WBRT combined with gefitinib/erlotinib (OR = 2.16, 95% CI: 1.35-3.47; = 0.001) (Figure 3) .
Three studies [21, 23, 25] reported the RR-CNS, with 273 patients involved. There was no significant statistical heterogeneity in pooled analysis of all included studies ( 2 = 22%, = 0.28) and thus a fixed effects model was used to perform meta-analysis. Compared with WBRT alone, there was a statistically significant improvement in RR-CNS for WBRT combined with gefitinib/erlotinib (OR = 6.06, 95% CI: 2.57-14.29; < 0.0001) (Figure 3 ).
Disease Control Rate (DCR).
Four studies [23] [24] [25] 27] reported the overall response rate, with 429 patients involved. The heterogeneity test indicated that a fixed effects model could be used ( 2 = 0%, = 0.59). Compared with WBRT alone, there was a statistically significant improvement in DCR for WBRT combined with gefitinib/erlotinib (OR = 3.34, 95% CI: 1.84-6.07; < 0.0001) (Figure 3) . 
Overall Survival (OS).
Five studies [21, 22, [25] [26] [27] reported the overall survival, with 408 patients involved. The heterogeneity test indicated that a fixed effects model could be used ( 2 = 33%, = 0.20). The meta-analysis showed that WBRT combined with gefitinib/erlotinib significantly prolonged OS compared to WBRT alone (HR = 0.72, 95% CI: 0.58-0.89; = 0.002) (Figure 4) .
1-Year Survival
Rate. Four studies [24] [25] [26] [27] reported the 1-year survival rate, with 327 patients involved. The heterogeneity test indicated that a fixed effects model could be used ( 2 = 0%, = 0.45). The meta-analysis showed that WBRT combined with gefitinib/erlotinib significantly prolonged 1-year survival rate compared to WBRT alone (OR = 2.43, 95% CI: 1.51-3.91; = 0.0002) ( Figure 5 ).
Adverse Events (III-IV).
The results of the meta-analysis for adverse events are shown in Figure 6 . The heterogeneity tests for all adverse events indicated that there were no statistical differences except for myelosuppression (III-IV) WBRT + gefitinib/ erlotinib Figure 5 : Meta-analysis for 1-year survival rate. ( 2 < 50%, > 0.10). The meta-analysis showed that WBRT plus gefitinib/erlotinib increased the incidence of rash (III-IV) (OR = 7.96, 95% CI: 2.02-31.34; = 0.003) but reduced the incidence of myelosuppression (III-IV) (OR = 0.19, 95% CI: 0.07-0.51; = 0.0010). Statistical differences were not found regarding other adverse events.
Subgroup Analysis and Sensitivity Analysis.
The heterogeneity tests for interesting outcomes indicated that there were no statistical differences between studies ( 2 < 50%, > 0.10). Therefore subgroup analysis and meta regression were not conducted for the current study. Figure 7 shows the results of sensitivity analysis regarding OS. We found that excluded studies did not influence the overall effective size.
Publication Bias.
For the meta-analyses of RR and OS, there was no evidence of significant publication bias by 
Discussion
This is a systematic review and meta-analysis to comprehensively assess the efficacy and safety of WBRT combined with gefitinib/erlotinib for treatment of BM from NSCLC. The present meta-analysis suggests that compared with WBRT alone or WBRT plus chemotherapy, WBRT plus gefitinib/erlotinib can significantly improve the RR, RR-CNS, and DCR and prolong the OS and 1-year survival rate. Regarding the incidences of adverse events, WBRT plus gefitinib/erlotinib was well tolerated except for increased risk of rash (III-IV) in the treatment of patients with multiple BM from NSCLC.
Current therapeutic approaches for patients with multiple BM from NSCLC mainly include surgery, whole-brain radiotherapy (WBRT), stereotactic radiosurgery (SRS), and chemotherapy [28] . However, advances in the understanding of the BM pathobiology and development of molecular targeted agents hold promise for improved prophylaxis and therapy of BM [29] . Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), such as erlotinib, have been approved in 2004 by the US Food and Drug Administration for treating locally advanced or metastatic NSCLC [30] . A mass of studies have demonstrated that the objective response rate is 42.9%-87.5%, and DCR is as high as 87.5%-100.0% for targeted agents combined with radiotherapy in the treatment of patients with multiple BM [31] . A phase II trial also showed that the median overall survival time was 11.8 months for patients with BM from NSCLC [32] . These results are consistent with Zhuang et al. [21] . However, Pesce et al. [26] concluded that WBRT plus gefitinib could not prolong the survival time for patients with BM from NSCLC. The discrepancy can be ascribed to the limited sample size of Pesce et al. 's study. A meta-analysis was therefore urgently needed to systematically assess the quality of available evidence and make a scientific conclusion about WBRT plus gefitinib/erlotinib in treating BM from NSCLC.
Regrettably, a subgroup meta-analysis related to EGFR mutation status was not conducted because only one trial was identified. Previous studies showed that targeted therapy was beneficial for patients with BM. The overall response rate was 70%-89% for patients with intracranial lesions, and the overall survival time was 12.9-19.8 months longer [33, 34] . Zhuang et al. 's study showed that, compared with EGFR wildtype patients, there was no significant improvement in LPFS, PFS, and OS for mutated EGFR mutation patients [21] . More studies of WBRT plus gefitinib/erlotinib in treatment of BM with EGFR mutations are needed.
The present study had certain limitations. Firstly, the overall methodological quality of included studies was low. Only three RCTs were included to assess the efficacy of the combined treatment. Most of the studies evaluating WBRT plus gefitinib/erlotinib for BM from NSCLC were case series, and only few controlled trials could be identified. Secondly, the small sample size of the included studies might have led to inadequate statistical power. The present conclusions are based on phase II trials, and more phase III randomized controlled trials are needed. Thirdly, subgroup analyses of different pathological subtypes, trial phase, smoking status, median age, and EGFR mutations status were not performed due to inadequate reporting across studies.
Overall, the currently available evidence indicates that RR, RR-CNS, DCR, OS, and 1-year survival rate can be improved by using WBRT combined with gefitinib/erlotinib in patients with BM from NSCLC, and the adverse events (III-IV) are well tolerated. Moreover, the efficacy of other targeted agents for BM from NSCLC should be assessed in future studies.
